W
ater is an essential factor in agriculture production in Egypt. In arid regions where irrigation is required for crop production, growers are seeking methods to save water by increasing irrigation effi ciency. Optimum irrigation scheduling based on water use patterns and crop response to water defi cit can potentially improve water use effi ciency. Trickle irrigation applies less water than sprinkler and surface systems since only a portion of the soil surface area is irrigated. Nutrients are essential to plant growth and maximum plant growth is achieved when the nutrient availability coincides with water availability. Mineral fertilizers are readily available aft er application, and application can be timed to meet crop needs throughout the growing season. Nutrient release from organic fertilizers is temperature dependent and relatively slow during the season. Consequently, the nutrient release from organic fertilizers may not coincide with crop needs. If the nutrient released is mobile, like nitrate, and is not used by the crop, it can be leached from the root zone, thereby posing a potential environmental hazard. If organic fertilizers include a manure component, unsafe vegetable products can result when the vegetable has physical contact with manure.
Cucumber is one of the most popular vegetables cultivated in our world. It requires more water than grain crops (Li and Wang, 2000; Mao et al., 2003) . Mao et al. (2003) found that fresh fruit yields of cucumber were highly aff ected by the total volume of irrigation water at all growth stages. Th e least productive irrigation regimes were those that had water defi ciencies during fruiting stages (Mao et al., 2003) . Variation in soil moisture in the root zone from beginning to end of growing season will be small under trickle irrigation due to the small volume of wetted soil. Consequently, irrigation water applied plus rainfall (W) which achieves the corresponding yield (Y) can be mostly considered as plant evapotranspiration (ET) until deep drainage occurs as in surplus irrigation application. Optimum application water (W m ) estimated to equal standard evapotranspiration (ET m ) achieves the maximum yield. Mao et al. (2003) working on cucumber found a linear relationship for whole growth period in greenhouses as: Y = 0.095 W + 119.6 with r 2 = 0.885 where Y is in Mg/ha and W is in mm. Th e cucumber maximum yield was 194 Mg/ha for 726.2 mm optimum water use. Th e yield reduction coeffi cient (K y ) was determined as 0.409 by applying defi cit irrigation treatments. Simseka et al. (2005) , also working in cucumber, found that fruit yield ranged from 40 to 70 Mg/ha and was signifi cantly reduced as drip irrigation rate decreased from 900 to 600 mm. Th ey found the following polynomial relationships from their study: Y = -0.00014 W 2 + 0.268 W -55.086, r 2 = 0.91 ABSTRACT Soil water budgets are essential in determining the proper timing and amount of irrigation. Organic fertilizers can be substituted for commercial fertilizers; however, information is sparse on the interaction of irrigation management and nutrient source on cucumber (Cucumis sativus L.) production. Th is study evaluated nutrient source and irrigation management on growth and yield of cucumber grown in the arid area of Egypt. A fi eld experiment was conducted using cucumber grown in northern Egypt at Shibin El-Kom in 2006 and 2007 to evaluate water use and fertilizer rate and type. Th ree irrigation defi cits and seven fertilization types were arranged in a randomized split-plot design with irrigation rates as main plots and fertilizer treatments within irrigation rates. Irrigation treatments were a ratio of crop evapotranspiration (ET) as: 1.0 ET, 0.84 ET, and 0.64 ET. Fertilizer treatments were applied at the recommended rate of N either as a commercial fertilizer or with organic manure. Chlorophyll a and b, leaf area index, and yield were greatest with the lowest ratios of male to female fl owers when adequate water and high N were used (1.0 ET with chicken manure at 7 Mg/ha). Seasonal water use was 498 and 471 mm for 1.0 ET in 2006 and 2007 plantings over the 125 d growing season, respectively. Th e yield reduction coeffi cient averaged 0.77. An optimal scheduling was statistically developed based on crop response in defi cit irrigation to achieve maximum yield for diff erent uniformity coeffi cient variation values. Cucumber performance was signifi cantly aff ected by both irrigation and nutrient defi ciencies. Y = 0.00032 ET 2 + 0.5952 In comparing cucumber to other vegetables, Sammis and Wu (1986) found that tomato (Lycopersicon esculentum Mill.) fruit yield increased linearly with increasing application up to 467 mm where maximum yield was 99 Mg/ha. When water applied was reduced to 280 mm, the yield decreased to 60.15 Mg/ha. Th erefore, the yield reduction coeffi cient was recorded as 0.98. Th ey found water irrigation greater than 467 mm resulted in no signifi cant increase in yield.
Expressing yield and application of water or ET in relative terms by dividing yield (Y) by maximum yield (Y m ) and ET by ET m and subtracting from one results in a relative defi cit water production function:
Th e coeffi cient of 0.98 is a crop defi cit coeffi cient and relates the relative reduction in yield to the relative reduction in ET. Hanson et al. (2003) working on garlic (Allium sativum L.) found that yield signifi cantly responded to water that was applied between 100 and 350 mm in a linear relationship under sprinkler irrigation and insignifi cantly responded to N applications in a range of 112 to 449 kg/ha. Th e linear relation was found in the 2000 growing season as: Y = 0.03W + 10 with r 2 = 0.91. Enciso et al. (2007) Ahmet et al. (2004) using furrow irrigation on summer squash (Cucurbita pepo L.) also found that fruit yield was signifi cantly increased in a linear relationship by increasing both irrigation water and water consumptive use in a range of 250 to 530 mm with defi cit irrigation where no deep seepage has occurred as follows: Y = 0.076 I + 3.835 with r 2 = 0.79 Y = 0.0939 ET-7.9448 with r 2 = 0.92 Al-Omran et al. (2005) studied squash (Cucurbita pepo L.) using both DI and SDI in sandy soils with three clay deposits also found that fruit yield was a linear relationship to increasing irrigation water level for each season within the same treatment. Th ey found that fruit yields signifi cantly increased with clay deposits compared with control. Th e diff erences between SDI and DI on fruit yields were also signifi cant.
Th e purpose of the study was to evaluate irrigation scheduling based on defi cit irrigation levels and to evaluate cucumber performance under varying irrigation regimes and combinations of N from either commercial or manure sources. One goal of the study was to evaluate combinations of organic and chemical fertilizers on cucumber yield and performance.
MATERIALS AND METHODS
Beta-alfa cucumber was grown for two seasons in loamy clay soil located at an arid site in northern Egypt (Shibin El-Kom area, 17.9 m above sea level, 30°32´ N, 31°03´ E). Th e crop was planted on 1 March in a nursery, transplanted to the fi eld on Fig. 1 . Plants were adequately watered in fi rst and second irrigations and irrigation treatments were initiated at the third irrigation. Irrigation water with 0.86 dS/m was applied using a trickle system when soil water was reduced to between 50 and 60% of available water in the upper 1 m of the soil profi le. Water was uniformly distributed by using good quality drippers, drippers grouping, and individually irrigating the treatments. By using this arrangement, lateral length was short enough to ensure uniform distribution within a row. Water applied was equivalent to 100, 80, and 60% based on crop evapotranspiration (1.0 ET) determined from soil water contents before and aft er irrigation. Irrigation treatments were rated as 1.0 ET, 0.84 ET, and 0.64 ET from seasonal water use.
Fertilization treatments imposed for this study were: T1 (160 kg/ha N), T2 (80 kg/ha N with 17 Mg/ha farmyard manure), T3 (160 kg/ha N with 17 Mg/ha farmyard manure), T4 (80 kg/ha N with 7 Mg/ha rabbit manure), T5 (160 kg/ha N with 7 Mg/ha rabbit manure), T6 (80 kg/ha N with 7 Mg/ha chicken manure), and T7 (160 kg/ha N with 7 Mg/ha chicken manure) in 2006 and 2007 summer seasons. Chemical analysis of the manure sources are given in Table 1 . Th e commercial fertilizer source was ammonia nitrate and total amounts of N, P, and K applied are shown in Table 2 . A 1.2 ET treatment was only conducted under mineral treatment (T1) in the experiment to determine cucumber yield under surplus irrigation. Th is treatment was replicated three times. Th e amount of nutrients added to the experimental fi eld was the recommended rate for cucumber production in this area.
Soil was classifi ed as loamy clay with 1.28 g/cm 3 soil bulk density. Soil particle sizes for 0.3 m of soil profi le were distributed as 2% coarse sand, 23.5% fi ne sand, 37.7% silt, and 36.80% clay. Chemical analyses of the soil are shown in Table 3 . Th e volumetric water content values were measured using pressure membrane as 58, 47.5, and 21.1% at saturated, fi eld capacity, and wilting points, respectively. Th e water table in the farm was recorded as 2.8 m. Electrical conductivity (EC) and minerals were measured in diluted soil in three depths and sections of soil using a dilution ratio of 1:5.
Th e amount of irrigation, d, to be applied was determined in millimeters per irrigation interval based on the average of volumetric moisture content of soil root depth before and aft er irrigation as follows:
where d is water applied depth in mm, θ F is volumetric water content at fi eld capacity m 3 /m 3 , θ i is volumetric water content before irrigation in m 3 /m 3 , D is wetted soil root depth, and P is wetted area percentage. Ten soil samples from control treatment (1.0 ET with mineral treatment) were taken along the lateral before and aft er irrigation to the 60-cm depth. Th e 0.3-m spacing between 4 L/h emitters combined to create a 0.41-m wetted strip along planting line for the 32 mm/h soil infi ltration rate. Th ree soil samples from control treatment (1.0 ET with mineral treatment) were taken from each replicate along the lateral before and aft er irrigation to determine the averages of soil water content (θ F and θ i ). Th e cucumber root zone was refi lled by water until soil reached fi eld capacity. Th e water table was greater than 2.8 m. Only samples from 1.0 ET were used to determine irrigation scheduling and water use ratios for 0.84 ET and 0.64 ET. Defi cit irrigation with no rainfall and ground water contributions can be considered as crop ET in a defi cit situation per irrigation interval. At the experimental site there was no rainfall or ground water contribution during the study period. Fertilizer  T1  T2  T3  T4  T5  T6  T7 Water applied for each irrigation (1.0 ET), was determined as follows:
where Q is system discharge L/h, d is water depth in mm, A is projected area in m 2 , and T is irrigation time in h. Th e average depth of water distribution Z a by system was determined as follows:
where q i is emitter discharge in the system (L/h) and n is number of emitters in the projected area. Th e scheduling parameter (α) was determined based on irrigation system as follows:
where CV is the system's coeffi cient of variation, q is scheduling of the emitter discharge, and q a is average of the emitter discharge.
Meteorological instruments were positioned 2 m above the cucumber canopy and collected data every 30 s into 24 h average using Campbell Scientifi c's CR-23X 1 datalogger (Campbell Scientifi c Inc., Logan, UT). Weather instruments were CS500 temperature and relative humidity probes, 03001-5 anemometer, and LI200X pyranometer. Th e datalogger was programmed to collect daily and monthly average of weather data (temperature, relative humidity, wind speed, and solar radiation. Th ese data were used to determine potential evapotranspiration (ET p ) by two methods (Table 4) : the FAO Penman-Monteith formula (Allen et al., 1998) and Class A pan evaporation (E p ). Both ET p and E p were correlated using the average of monthly weather data and formulated as follows:
where k p is a pan coeffi cient and recorded as 0.77 in the area. Crop coeffi cient was calculated only for treatment (T1) as the ratio of potential ET to measured ET.
Seventy-fi ve days aft er transplanting in 2006 growing seasons, fi ve plants were sampled from each experimental unit to determine chlorophyll a and b contents using the methods of Wettstein (1957) in 2006 and 2007 growing seasons. Th e same leaf samples were used to determine the leaf area/plant and leaf area index (LAI) from the method described by Watson (1958) . Male and female fl owers were counted during the intensive fl owering period from 30 June to 15 July 2006 and 2007 seasons to estimate sex ratio (male/female fl owers). Fruit harvesting was performed during the period from 4 June to15 August in both seasons. Th e statistical analysis of experimental data was performed using the Statistical Analysis System (SAS Institute, 2003) . Measured data were analyzed by ANOVA. Duncan's method was statistically used to fi nd out the diff erences among means. Signifi cance evaluation was hypothesized based on 5% signifi cant level (p ≤ 0.05).
Crop response between yield and water use under defi cit irrigation was determined by a linear response model (Doorenbos and Kassam, 1979; Martin et al., 1984; Warrick and Gardner, 1983; Solomon, 1983; Sammis and Wu, 1985; Wu and Barragan, 2000) . Th e linear model showed a sloped straight line in the defi cit water application and a horizontal line for the crop response for surplus applications indicating no yield reduction by overirrigation. Th e crop response to defi cit irrigation was expressed when water was uniformly applied as follows:
where Y m and W m represent maximum yield and its corresponding maximum water application, Y and W are yield and its corresponding water application under defi cit conditions, and K y is a reduction coeffi cient which is considered as a constant for a crop in defi cit irrigation. In practicality, irrigation systems apply water with a degree of nonuniformity. If irrigation amount applied (d) is considered between minimum and maximum depths of water distribution (Z min ≤ d ≤ Z max ), then the area wetted by irrigation system will be divided into surplus and defi cit areas. Th en, the situation will be called underirrigation conditions. When d ≥ Z max , the whole area will be defi cit irrigated. For d ≤ Z min , the whole area will be surplus irrigated. 12.7 4.6 6.2 † T avg , T max , and T min are monthly average, maximum, and minimum temperatures, respectively; RH avg is monthly average relative humidity; U 2 is monthly average wind speed; R s is monthly average solar radiation; R n is monthly average net radiation determined according to Allen et al. (1998) ; ET P is monthly average potential evapotranspiration (Allen et al. (1998) ; and E P is monthly average of Measured Pan Evaporation Class A.
In underirrigation conditions, the crop yield will be varied in the defi cit areas and maximized in adequate and surplus areas. Wu (1988) and Wu and Barragan (2000) formulated the relative crop yield under trickle irrigation systems as follows:
where P D is the defi cit percentage expressed as whole number. In underirrigation conditions, the defi cit percentage is defi ned as the ratio of water defi cit to the required water into the root zone and can be formulated using linear distribution for water applied by the irrigation system according to Amer (2005) as follows:
Th e schedule parameter (α) specifi es the deviation of any schedule irrigation depth (d) to average of water distribution depth (Z a ) in terms of CV and can be formulated as follows:
where d is the water depth expressing the plant water requirement and Z a is average water distribution depth applied by irrigation system. When the linear distribution is used to express the water profile of the irrigation system, α will range from -1.725 to 1.725 in underirrigation conditions, α ≥ 1.725 in deficit irrigation, and α ≤ -1.725 in surplus irrigation.
The total relative yield in the underirrigation conditions (Z min ≤ d ≤ Z max and -1.725 ≤ α ≤ 1.725) is affected by the system's coefficient of variation (CV) and schedule parameter (α) and can be calculated by substituting the left side of Eq. [7] by P D in Eq.
[6] as follows:
In complete defi cit conditions, when α ≥ 1.725 and d ≥ Z max , no deep seepage has occurred. Th e defi cit percentage can be described as follows:
Relative yield by the defi cit conditions can then be determined as follows:
When a relationship is drawn between relative yield Y/Y m and schedule parameter (α) using Eq.
[9] and [11], it will be aff ected by system's coeffi cient of variation. In the relationship between relative yield and relative scheduling irrigation depth (Z a /d) as shown in Eq.
[12], the coeffi cient of variation will be insignifi cant when α is larger than 1.725. In the case of CV = 0, the relative irrigation depth will be unity for optimal scheduling and d will equal Z a .
Th e storage effi ciency (E s ) was determined as:
In complete surplus irrigation conditions (α ≤ -1.725 and d ≤ Z min ), the whole area will be surplus irrigated. In complete surplus irrigation conditions, storage effi ciency will be 100% because the root zone is fully irrigated (P D = 0). But application effi ciency, E a , will have a value less than 100% depending on uniformity CV. Application effi ciency can then be determined using the following equation: E a = 100(1 -P s ) [14] where P s is the percentage of deep seepage in unity. Th e percentage of deep seepage can be described using a linear distribution as derivative in this work following the basic analyses by Amer (2005) as follows:
In underirrigation, Table 5 . Th e F value in Table 6 showed highly signifi cant diff erences within either irrigation or fertilizer treatments. It showed no signifi cant interaction between ET and fertilizer treatments. Both chlorophyll a and b were signifi cantly decreased with increasing water defi cit. Th e highest chlorophyll values were achieved when adequate water was applied (1.0 ET) within a fertilizer treatment. Chlorophyll a and b signifi cantly increased when N amounts increased (Table 5) . Th e high chlorophyll values were obtained when chicken manure was used in combination with the recommended N and half-N doses (T7 and T6). Th ese treatments were followed by rabbit manure (T5 and T4) in combination with both mineral N. Th ese results were explained by the chicken and rabbit manures containing more organic N, which was available later in the growing season. Nitrogen was reported by Mardanov (1985) 
Leaf Area Index
Leaf area index (LAI) diff erences were signifi cant between the two growing seasons even though there was less solar radiation in 2007 compared to 2006 (Tables 7 and 8) . Leaf area index, measured at full growth, showed signifi cant differences among irrigation treatments at the 5% level for the same fertilizer treatment. Leaf area index showed signifi cant diff erences among fertilizer treatments (Table 7) but not between T1 against T2. Th e results in Table 8 showed no interactions among year, fertilizer, and irrigation treatments. Leaf area index was signifi cantly diff erent among all irrigation treatments within a fertilizer treatment. Th e highest LAIs were obtained when water was adequately applied (1.0 ET treatment). Th ese results are in agreement with those of Saleh and Ibrahim (2007) working on cantaloupe (Cucumis melo L.). Th ere were signifi cant diff erences at the 5% level for mineral and farmyard manure treatments (T1, T2, and T3) with less vegetative growth than the chicken manure with both N rates (T6 and T7) within an irrigation treatment. Th e half rate of N combined with farmyard manure (T2) had the lowest LAI values in both years (Table 7) . Th e recommended rate of N combined with chicken manure had the largest LAI in both years (Table 7) . Diff erences in LAI were signifi cant among rabbit and chicken treatments for all irrigation levels. Th e highest LAI was found in both growing seasons in the T7 and 1.0 ET treatment. Th ese results could be explained by organic fertilizers, especially chicken and rabbit manures, having contributed to cucumber vegetative growth by causing the soil to store water and by adding large amounts of N.
Sex Ratio
Signifi cant diff erences in sex ratios (male/female fl owers) occurred with increasing irrigation water defi cit (Tables 7 and 8) . Th e F value in Table 7 showed signifi cant diff erences among treatments in irrigation, fertilizer, or year with no interaction among them. Th e highest values of sex ratio were achieved when 64% of adequate water was applied (0.64 ET) within a fertilizer treatment. Water defi cit increased sex ratio as it increases carbohydrate accumulation according to Randhawa and Singh (1972) , who found lower carbohydrates and higher N contents in cantaloupe plants resulted in the induction of female fl owers. Th e relation between carbohydrates and sex ratio was previously observed in squash by Mardanov (1985) . Cucumber sex ratio signifi cantly decreased when N application increased within an irrigation treatment. Th e lowest values were obtained for a recommended rate of N supplemented with chicken manure (T7) followed by half N rate plus chicken manure (T6), followed by rabbit manure in combination with N rates within irrigation treatments (Table 7) . Decreasing sex ratio meant an increase in female fl owers and this appeared logical as N was frequently reported to positively aff ect female fl owers in cucumbers. Th ese results are in agreement with those of Abd El-Fattah and Sorial (2000) on squash and El-Dakish (2004) on cucumber. A signifi cant diff erence occurred between mineral treatments (T1) compared with chicken and rabbit manure treatments (T4, T5, T6, and T7). Th ere were signifi cant diff erences among T5, T6, and T7. Decreasing sex ratio leads to a greater potential fruit yield because of the increase in the number of female fl owers per plant, which develop into fruit compared with male fl owers, which provide the pollen for fertilization. Average fruit yield in both growing seasons increased linearly as sex ratio decreased in a range of 3.7 to 4.9 as in the following equation:
Y(Mg/ha) = -10.09 X + 74.16 r 2 = 0.882 where X is sex ratio.
Crop Coeffi cient
Th e cucumber crop coeffi cient (K C ) under trickle irrigation was determined as the ratio of actual (ET c ) to potential (ET p ) evapotranspiration for 1.0 ET treatment with mineral fertilization (T1) as illustrated in Fig. 2 
Crop Response
Cucumber yield was aff ected by fertilizer form within an irrigation regime in both growing seasons (Fig. 3 and 4) . Maximum cucumber yields (Y m ) averaged across seasons for the 1.0 ET irrigation treatment were 30.26, 29.25, 32.30, 36.57, 37.16, 41.47, and 41.90 Mg/ha for T1, T2, T3, T4, T5, T6, and T7, respectively. Yield for the 1.2 ET with T1 treatment was 30.8 Mg/ha in 2006 and 31.04 Mg/ha in 2007. A nonsignifi cant diff erence was found between cucumber yield obtained by both 1.0 ET and 1.2 ET treatments with mineral treatment (T1). Cucumber yield significantly decreased in linear relationship with increasing water defi cit within fertilizer treatment. However, it was not signifi cantly changed by water applied above 1.0 ET. Th e bars in Fig. 3 and 4 and the standard deviations in Table 7 clarify the error range using 5% percentage level. Th e highest yields were achieved with the 1.0 ET treatment. Similar results were obtained by Mao et al. (2003) on cucumber and Saleh and Ibrahim (2007) values in Table 8 showed a signifi cant eff ect of manure source on cucumber yield with yields highly increased with rabbit or chicken manures (T4, T5, T6, and T7) compared with treatment (T1) within irrigation treatment. Yield was insignifi cant among T1, T2, and T3 (mineral and farmyard manure fertilizers treatments). Th e highest yields were achieved using chicken manure compared with the other fertilizer treatments. Th e minimum value of yield was achieved using half rate of N with farmyard manure (T2), which had less N and slower N release from organic manure than other treatments. Chicken manure was reported by Ahmed (2004) to increase bulb yield of onion. Rabbit and chicken manures were found by El-Dakish (2004) to positively aff ect female fl owers and consequently fruit yield of cucumber and a similar result was observed in this study. Cucumber yield was signifi cantly higher in the 2007 season since vegetative growth was signifi cantly lower in the 2006 season. Th e fertilizer treatments (T6 and T7) showed an increase in yield across all irrigation treatments in both years (Table 7 ; also see Fig. 3 and 4) . Results showed that year, irrigation, and fertilizer eff ects on cucumber yield were signifi cant (Table 8) and interaction actually existed among them.
Cucumber yield-water function was a linear relationship within fertilizer treatment. Crop yield (Mg/ha) increased by increasing irrigation water applied (mm) in a range of 260 to 406 mm in 2006 and 321 to 502 mm in 2007. Th e cucumber production function is shown in Table 9 . Yield reduction coeffi cient (K y ) derived from Eq. [5] from defi cit irrigation within the fertilizer treatments is provided in Table 9 . Crop response to water changed according to the amount of water applied; however, the yield response to N showed inconsistencies due to varying N sources. Th e mean reduction coeffi cient was 0.77 with defi cit irrigation.
Optimal Irrigation Scheduling
Relative cucumber yield was related to irrigation schedule parameter, α, for diff erent uniformity CV values as shown in Fig. 5 . Relative yield Y/Y m in the underirrigation situation (Eq. [9]) was determined when α values were between ±1.725. In complete defi cit (α ≥ 1.725), Eq.
[9] reduced to Eq. [11] showing the relationship between relative yield and α beyond underirrigation conditions. Based on a study by Amer (2001) in Egypt when irrigation system CVs were less than 30%, complete overirrigation was desired because water cost was insignifi cant compared with return yield. Consequently, optimal scheduling was derived from the maximization of yield. Figure 5 shows the optimal scheduling parameter α was reported as -1.725 for any system's CV. Th ese results show that overirrigation (α ≤ -1.725) did not reduce the yield by testing 1.2 ET in this study and based on Doorenbos and Kassam (1979) and Sammis and Wu (1986) for vegetables. Maximum yield was achieved for all CV values as the water applied was adequate. Th erefore, relative optimum scheduling depth that achieved maximum yield could be expressed as: (1-1.725 CV). On the contrary, relative yield was reduced when water applied was insuffi cient. It was evident that the yield was signifi cantly aff ected by both α and CV in underirrigation and complete defi cit situations.
Th e relationship between cucumber relative yield (Y/Y m ) and relative depth (d/Z a = 1 + α CV) for diff erent uniformity CV values is shown in Fig. 6 . Th e curves started at the end of the overirrigation stage when storage effi ciency was 100% and when α was -1.725. Optimum relative irrigation depths (d/Z a ) that achieved maximum yield were 1.0, 0.828, 0.655, and 0.483 for CV values of 0.0, 0.1, 0.2, and 0.3, respectively. Th e resultant application effi ciency was found to be 100, 82.8, 65.5, and 48.3%, respectively. Th e curves diverged in underirrigation situations and demonstrate that yield was signifi cantly aff ected by both d/Z a and CV. Hence, Table 9 . Cucumber yield-water function coeffi cients (m and c) and defi cit reduction coefficient (K y ) in two growing seasons. T1  T2  T3  T4  T5  T6 application effi ciency increased and storage effi ciency decreased by increasing water defi cit. Relative irrigation depth values at the start of complete defi cit (when application effi ciency achieved 100%) were recorded as 1.0, 1.173, 1.345, and 1.518, and for the CV values as 0.0, 0.1, 0.2, and 0.3, respectively. Consequently, storage efficiency was calculated to be 100, 85.3, 74.3, and 65.9%, respectively. Th ese curves coincided in complete defi cit irrigation, meaning that the uniformity was an insignifi cant parameter when too little water was applied. In the case of CV = 0.3, the signifi cance of uniformity was only in a range of d/Z a , between 0.48 and 1.52, and beyond that range was insignifi cant. Optimum irrigation scheduling depth under diff erent irrigation system uniformities could be taken as a ratio from adequate water treatment (1.0 ET). Water cost was of insignifi cant importance compared with return yield, and when yield was aff ected only by defi cit irrigation, the ratios (Z a /d) could be determined by either dividing 1.0 ET by (1-1.725 CV) or 100% ET by application effi ciency and resulted in 1.0, 1.21, 1.53, 2.07 ET at system's uniformity CV as 0.0, 0.1, 0.2, and 0.3, respectively. Consequently, the whole area was completely overirrigated when schedule depth (d) equalled minimum applied depth (Z min ). Th ese conclusions are in agreement with those of Wu and Gitlin (1983) and Wu and Barragan (2000) using mathematical models. CONCLUSION Cucumber grown in optimal weather and soil conditions requires both water and nutrient availability. Irrigation systems are essential to apply water in arid regions; however, optimal use of water to meet crop requirements is essential to achieve maximum water use effi ciency. Organic fertilizers off er the potential to recover nutrients from animal operations but are not used as frequently with the availability of commercial fertilizers. Growers are becoming interested in using animal manures as substitutes for commercial fertilizers and there is little information about the combinations of commercial fertilizer and manures under diff erent irrigation management regimes. Th is study focused on cucumber growth and yield as aff ected by both water and N management. Maximum cucumber yield was obtained with adequate water applied within fertilizer treatment and with increasing amounts of N applied. Leaf chlorophyll a and b and LAI were greatest when irrigation amounts were maintained as 1.0 ET and when high rates of N (314 kg/ha) were applied with a combination of commercial fertilizers and manures. Th e ratio of male/female fl owers, which is the primary factor reducing cucumber yield, increased with decreasing amounts of N and water. Cucumber yield was not increased by surplus irrigation treatment. Results showed that year, irrigation, and fertilizer could individually or together signifi cantly improve the cucumber yield. Management of cucumber for maximum yield requires optimizing irrigation water supply in combination with N management.
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